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process.  From this work, we can conclude that the preferred materials for printed electronics, in 
order of performance are: metallic nanowires, CNTs and PEDOT/PSS. In addition, hybrid 
materials demonstrated to have good performance and are compatible with inkjet systems. 
Different applications require different materials performance. Figure 3-26, provides an overview 
of the expected materials performance per application.  
In conclusion, the recent advancements and continuous development of nanomaterials 
have made possible their applications in printed electronics. 
 
Table 3-1. Summary of nanomaterials for TCF Fabrication 
 
 
Material 
Sheet 
Resistance 
ષȀܛܙ 
 
Transparency 
% 
Layer 
Thickness 
Curing 
Temperature 
oC 
Deposition 
Method Substrate 
ITO[84] 30 80 240 nm 500 
Sputtering, 
spin or drop 
coating by 
sol gel 
Glass 
Graphene[88] 30 90 ~2 nm N/A CVD Copper 
Graphene-
AgNWs 
(Hybrid)[85-87] 
>30 90 Not provided Not found CVD/drop coating 
Flexible 
Polymer 
MCNTs[74, 89] 1.1 x 106 >95 300nm Not found Inkjet Preheated Glass 
MWCNTs-
PEDOT/PSS[89] 
3.5 x 103 
 
~98 
 300nm Not found 
Inkjet 
printing 
Preheated 
Glass 
SWCNTs-
PEDOT/PSS[90] 150 80 300nm 80 
Inkjet 
printing 
Flexible 
Polymer 
PEDOT/PSS[103] 200-600 Not reported 600 nm  25-60 
Inkjet 
printing 
Glass and 
flexile 
polymer 
Metallic 
Nanowires 
(silver)[93, 96, 
97, 104] 
8 50 0.5-2 μm 110 Inkjet printing 
Flexible 
polymer 
5-9 90 Not found 200 
Drop 
coating and 
roll-to-roll 
Glass and 
Flexible 
polymer 
 
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Figure 5-14. Silver nanofibers used for TFCs. On the left the AgNWs have 700 nm in diameter 
and 20-50 μm length and on the right customized dimensions of 700 nm in diameter and 4 μm 
length are shown[135]. 
 
 
Table 5-4 Ag nanofibers specifications from Nanogap 
 
 
Parameter Typical Characteristic 
Nanofiber diameter (nm) 80-120 (95%wt/wt) 
Nanofiber length (μm) 5-50 (95% wt/wt) 
Mean Nanofiber length (μm) 20-30 
Surface Functionality PVP 
 
 
There are many variations for AgNW or Ag nanofiber formulations based on varying 
different parameters of the fibers or wires such as, dimensions, concentration, and dispersion 
solvent. For printed transparent sensor applications, the challenge is to determine and then use 
the correct formulation compatible with the aerosol jet system.  A further research requirement is 
that the formulation will exhibit good electrical conductivity after post thermal treatments at low 
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